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Development of digital phased array instrument for next generation solar wind

observation system 2: multistage FPGA connection
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Interplanetary scintillation (IPS) is a radio scattering phenomenon caused by the disturbances in the solar wind. It has been
an important technique to investigate the global structure of the heliosphere. The IPS observation requires a large aperture
area for the radio telescope to detect the IPS signature from many radio sources, which means the increasing number of the
input signal. The next generation IPS observation system will require about 1000 of analog input signals. We have already
developed a proto type of the digital phased array instrument. This instrument has 8 analog-digital converters (ADCs) and a
field-programmable gate array (FPGA). This system enables us to form 8 beams simultaneously. In this study, we investigated
a multistage connection of FPGAs based on the proto type system to develop a larger array system.

A large array antenna requires a separated ADC and FPGA modules, because the ADC modules should be located close
to the front-end receivers, while FPGA modules should be in a stable environment. The newly designed system has an
independent ADC module and FPGA module that are connected to the optical fibers. Eight of the input signals are digitized
in the ADC module and transferred to the FPGA module. Then digital signals are converted to 16384-point complex spectra
by the fast Fourier transform on the FPGA, and the beamforming can be performed by adding the eight complex spectra using
arbitrary different delay filters. After the beamforming, the complex spectra are transferred to the next FPGA connected by
the optical fiber. The next FPGA has eight input port and the same beamforming stage as the first one. Therefore, the FPGA
in the second step can combine 64 analog signals. A multistage connection of the FPGAs enables us to form a larger array.
FPGAs in all stages have a calibration sequence that makes a calibration table that compensates an amplitude and phase
differences of the 8 signals. By Appling this table, we can quickly calibrate the amplitude and phase differences of antennas,
receivers, and optical fibers between the FPGAs. We found that an array system of 64 input signal using the 8 ADC modules
and 9 FPGA modules can be constructed within a realistic cost.
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